Soil security identifies global challenges and a series of dimensions that are necessary requirements to meet those global challenges using sustainable land management.
Introduction
Soil security [1, 2] has been proposed as a useful concept to identify, develop, implement and monitor sustainable land management practices (SLM) to achieve the Sustainable Development Goals (SDG) put forward by the United nations [3, 4] . Soil security is concerned with the maintenance and improvement of the world's soil resource to produce food, fibre and freshwater, contribute to energy and climate sustainability, and maintain the biodiversity and the overall protection of the ecosystem [1] .
The soil security approach supersedes the single focus land capability and land suitability approach to land evaluation that concentrates on the biophysical component of land management [5] [6] [7] [8] [9] [10] [11] . Soil security also accounts for the social economic and natural capital components of land management. It also identifies the specific objectives of sustainable land management (SLM) including food security, water security, energy security, biodiversity preservation, climate change mitigation and abatement, and human health and welfare [12] (see Table 1 ). Soil security can assist in the management of ecosystems and soil landscapes for the overall betterment of society and to meet the SDG's [13, 14] .
The framework for soil security to meet the challenges is based on the dimensions of soil capability, soil condition, soil natural capital, connectivity and codification ( Table 2 ). It is the values and effectiveness of the application of these dimensions that determines the ability of ecosystems or soil landscapes to meet the global challenges outlined in Table 1 .
The soil security concept is related to the "soil capital" concept [15] . It represents a change from the traditional approach of many soil evaluation systems that emphasised the limitations and negative aspects of soil and land degradation [5, 6, 8] . However, there still remains the need for clarification about the meaning and definitions of the dimensions used in the concept, particularly the dimensions of soil capability and soil condition. How land degradation processes, threats or "forcings" [16] associated with different land management practices are assessed is not specified. As it is currently proposed, the assessment of the impacts of land management on soil condition and land degradation processes or threats within the concept remains uncertain. In fact, the statement is made within one publication on soil security, "Generally, the forcings are considered under various land degradation processes, such as, water or wind erosion, salinization, contamination, etc. However, strictly theoretically, we do not need to specify these forces of degradation" [16] (p. 5). Yet, unsustainable land management practices are the main drivers of land degradation. Included are impacts such as desertification, deforestation, lower agricultural productivity, loss of soil, changes in natural habitats and ecosystems, reduced ecosystem services and loss of biodiversity [17] [18] [19] [20] .
In this paper, the case is made that the inclusion of land capability assessment within the workings of the soil security concept can assist in the practical application and outcomes from the soil security concept. In particular, the addition of land capability assessment can clarify the difference between the dimensions of soil capability and soil condition and provide a means of evaluating land soil degradation risks within the soil security concept. At present, the difference between them remains somewhat confusing and unclear [1, [21] [22] [23] [24] . The land capability assessment provides the gears or cogs for the effective application of the soil security concept to on-ground situations. This approach is demonstrated by applying the soil security concept to two tracts of land covered by two contrasting soil landscape systems. Table 1 . Global challenges and soil security [1, 2, 16] .
Food security
Situation when all people at all times have access to sufficient safe, nutritious food to maintain a healthy and active life [2] Water security
The capacity of a population to safeguard access to adequate quantities of acceptable quality water for sustaining livelihoods, human well-being and socio-economic development [2] .
Energy security
The continuous availability of energy in various forms in sufficient quantities at reasonable prices.
Climate change abatement and mitigation
Soil acts as a pool of carbon and changes in the soil carbon, especially the soil organic carbon can affect greenhouse gas emissions and sequestration. It is also a pool of active nitrogen (nitrates, ammonia, nitrous oxide) and soil management can affect the emission of greenhouse gases associated with active nitrogen [25] .
Biodiversity
Soil has a large biodiversity pool itself and soil is also a critical component in the broader natural ecosystems, such as plant communities.
Human health Improve life expectancy, quality of life and human well-being-nutrition, prevent exposure to toxic compounds, disease prevention, cultural activities. Table 2 . The dimensions of soil security adapted from References [1, 2, 16, 22] .
Soil capability
Ability of a soil to function "What can a soil do?" Requires a reference state that defines the optimum ability of the soil to function (genoform). It also depends on how the soil condition changes with the pressures imposed on the soil by land management.
Soil condition
Current state of the soil and the ability of the soil to function in that state. The soil condition, and hence its ability to function, will change with pressures imposed by land management (phenoform).
Soil natural capital
Monetary value of the soil asset, assessed by the capacity of the soil to provide goods and services that satisfy human needs, directly or indirectly.
Connectivity
Knowledge and capacity networks about implementing land management practices and soil security-development pathways, technology transfer, extension networks, public awareness.
Codification
Government policy and regulation that influences land management options and soil security-land tenure, subsidies, tariffs/import duties and regulation, programs such as the Global Soil Partnership, national parks, etc.
Finally, this paper has the objective to demonstrate that the soil security concept can enhance the understanding of how the ecosystem services can support meeting the global challenges. It applies the soil security concept to two contrasting sets of soil landscape systems. At the same time, it can help identify the land and soil degradation risks associated with the soil landscape systems.
Soil Capability and Soil Condition

Basic Definitions
In the soil security concept, soil capability currently refers to " . . . the ability of the soil to function, and in particular answers the question 'what can the soil do?'" [2] (p. 17). McBratney et al. [1] further suggest that soil capability can be thought of " . . . as a reference state that defines an optimal capacity of the soil to which the current condition of the soil can be compared". This is the genoform [1] . The difference between the baseline condition of the soil in the reference state and the current soil condition, the phenoform [1] can be used as a quantified measure of the soil capability [1, 2, 16] . There is a recognition that soil capability has a link to soil management, and that soil should be managed within its capability [1, 16, 24] . McBratney et al. [1] also recognise that the response of the soil condition to land management is included within the soil capability dimension, " . . . the management of soil over longer periods of time may result in changes to the soil which needs to be accounted for" [1] (p. 206). In fact, soil capability can define how the soil condition responds to stresses, pressures, influences or forcings imposed on the soil by the environment and land management. One interpretation is that the soil capability defines or predicts what are the mechanisms or "forcings" that change the soil condition from the reference state to the current condition. It predicts the changes in soil condition between the genoform and phenoform. An important implication is that while soil condition indicates the actual state of the soil at the time of measurement, soil capability, while making assessment of the potential capacity of the soil to perform various functions [14, 16] , it also makes predictions about how soil condition changes with time. Hence, its assessment ideally should include information about land management and how this can change soil properties and about environmental variables such as climate and landform. This was the approach common in land capability schemes such as Klingebiel and Montgomery [26] , Emery [27] and Helms [28] , or the land and soil capability schemes of the Office of Environment and Heritage (OEH) [5] and Levin et al. [6] .
As it is intended to be used, the scale at which soil capability can be applied is specific soil type or to an area defined by a soil mapping unit. Frequently, and possibly mostly in its application, the soil capability of a soil mapping unit, or group of soil mapping units will be the object of assessment. A soil mapping unit represents a parcel or tract of land and this will be characterised by series of land features as well as soil properties (Table in Reference [27] ). Both the soil properties and land features can be used to assess the soil and land capability [5, 6, [8] [9] [10] [11] . Dominati et al. [15] and McBratney et al. [1] acknowledge that soils are part of the landscape and that land features or land qualities have a bearing on land evaluation and soil capability. In the latest use of the term capability for land evaluation, it has been defined as "land and soil" capability [5], in which both land features and specific soil properties are used in the evaluation. In this paper, soil capability is applied to tracts of land that are defined by sets of similar soil mapping units or soil landscapes.
At the field scale, it is possible that assessment of the soil capability can be dominated by soil properties alone because the climate and landform features are approximately constant. However, once the extent of the land to be assessed expands beyond a field, the landform is no longer constant, and at the catchment/regional scales, the climate is no longer constant. A reasonable approach is that at the broader scales, it is not possible to separate the assessment of land and soil capability.
Soil condition refers to the current state of the soil and allows an assessment as to whether the soil is being managed according to its capability and how different the soil may be from a reference state. It allows an assessment of how management may have influenced any changes in the state of the soil [1, 2, 16, 24] . Soil condition is linked to the concepts of soil quality and soil health and may be assessed using similar indicators or soil properties [1, 22] . It is assessed by the capacity or performance of the soil in its contemporary state, to support the biophysical functions needed to meet the global challenges. These functions include [15]:
1.
Fertility role: soil nutrient cycles ensure fertility renewal and the delivery of nutrients to plants, therefore contributing to plant growth.
2.
Filter and reservoir role: soils fix and store solutes passing through and therefore purify water. They also store water for plants to use and take part in flood mitigation.
3.
Structural role: soils provide physical support to plants, animals and human infrastructures.
4.
Climate regulation role: soils take part in climate regulation through carbon sequestration and greenhouse gases (N 2 O and CH 4 ) emissions regulation.
5.
Biodiversity conservation role: soils are a reservoir of biodiversity. They provide habitat for thousands of species regulating, for instance, pest control or the disposal of wastes.
6.
Resource role: soils can be a source of materials like peat and clay.
The condition of the soil can be assessed using a set of physical, chemical and biological soil properties, and a selected set can be used to assess the condition of the soil for capacity of the soil to perform specific functions [1, 14, [29] [30] [31] . The assessment of soil condition involves the assessment of both stable or inherent soil properties and variable or dynamic soil properties. Soil condition is sometimes referred to as the soil phenotype [1, 32] . In practical terms, it is the condition of the soil after land management has been imposed on the soil.
The soil properties to assess soil capability are intended to be those that are based largely on pedological development and can be considered inherent or relatively invariable with the time scales associated with soil management. Included are soil depth, texture, soil mineralogy, cation exchange capacity, rock outcrop, stoniness, pH buffering capacity, presence of free iron, and other properties that are commonly used in broad soil classification [7, 14, [29] [30] [31] 33] . The soil properties used to assess soil condition are those that are more variable within the time scale of soil management and include nutrient levels, soil organic matter, pH buffering capacity, and bulk density. A number of soil properties may be inherent or variable depending on the soil type and soil landscape. For example, salinity and sodicity are often inherent soil properties but can often be readily changed by specific management practices. Likewise, the pH profile of the soil can be an inherent soil property that can have a large impact on the capability of the soil, but the pH of the soil, especially the surface soil pH of some soils with weak buffering capacity, can be readily changed by land management practices. Even the so called "inherent" properties such as soil depth and texture can be altered by land degradation processes such as erosion [7, 14, 33, 34] .
Links between Soil Capability, Land Management and Environmental Pressures
Soil condition relates to the biophysical ability of a soil to carry out a function or the performance of the soil [1, 2, 16, 21, 24] . However, in the original definitions used in McBratney et al. [1] , the performance, functionality or productivity are given by the expression:
The inclusion of both capability and condition in the expression is in effect confusing, it further causes uncertainty about the links between soil condition, soil capability and land management. An alternative set of expressions is proposed to overcome this uncertainty and can account for land management and the threats of soil or land degradation. The alternative expressions link performance, soil capability, soil condition and land management, based on some original discussion from Murphy [21] :
In turn:
and
Soil condition = soil capability × land management × environment
and Natural capital value of soils = Performance of soils in providing ecosystems services (5) Expression 3 accounts for the impact of land management on soil condition and the threats of soil or land degradation. The environmental processes determine the rate or pressure of land degradation processes on the soil condition taking into account the effects such as high-intensity rainfall events, drought or flooding. Expression 4 accounts for land management that can determine the resistance of the land or soil to degradation processes by affecting factors such as vegetative cover, whether soil is in a loosely tilled condition, the soil organic carbon content, soil nutrient stores and degree of nitrate leaching.
This sequence of expressions clearly identifies the role of land management and the land features and environment in determining soil capability and ultimately the soil condition and the ability of a soil to perform a given function or meet a particular global challenge.
The sequence of expressions does raise a number of issues needing clarification. Using soil within its capability ensures that SLM practices are being implemented [35] . If land management practices that exceed the capability are implemented, land or soil degradation occurs, and the soil condition will be deteriorated.
1. A number of land degradation threats to soil security and the delivery of ecosystem services have been identified by McBratney et al. [16] , including erosion, soil organic matter decline, contamination, salinization, sealing and compaction. However, there is minimal information on how to assess these risks. Other risks include soil acidification, nutrient decline, surface crusting, wetness, aridity and decline in vegetation cover [5] [6] [7] [8] 20, 35] . It is the stability of the soil condition to these threats that influences the soil capability. This paper suggests that from a practical approach to developing and implementing SLM practices, it is necessary to assess the degradation risks facing soils and the management practices to counter the risks. Expression 3 can be used to determine the risk of these threats occurring. For example, the risk of water erosion is determined by the rainfall erosivity, the landform features including length and degree of slope, the soil erodibility and the amount of ground cover on the soil which is dependent on land management. The risk of soil acidification can be determined by the natural pH of the soil, the buffering capacity to acidification and the acidification pressure on the soil based on climate and land management [5] . In assessing the land degradation threats, use can be made of land capability assessments such as that developed for New South Wales (NSW) in OEH [5] and Gray et al. [35] .
2. The rehabilitation of a degraded soil or the soil that is in a condition less favourable than the reference condition can occur. This is the resilience. Field and Sanderson [25] suggest it is the soil resilience that determines if the soil can be rehabilitated and returned to the soil reference condition by a change in land management. Whether a soil can return to the reference condition depends on the degree of degradation. When the degradation passes beyond a certain threshold, it may not be possible to rehabilitate the soil. There is considerable variation in the understanding of the terms resilience, stability and vulnerability. Urruty et al. [36] provide a review of the use of these terms in the published literature on agricultural systems and define stability as:
"Constancy of agricultural outputs over long periods of time or across various spatial environments". [36] (p. 5) Urruty et al. [36] define resilience as:
"Ability to absorb change and to anticipate future perturbations through adaptive capacity". [36] (p. 5) 3. The nexus between land capability and soil capability is in reality blurred by the need to include land features and climate characteristics in firstly assessing the performance of the soil in a given condition, and secondly in the assessment of the degradation risks or threats to determine the soil capability and what the effects of land management might be on the soil condition. It is relevant to realise that the UN utilises the concept of land degradation neutrality [20] when developing SLM practices, not soil degradation neutrality. Commonly used schemes of land assessment also utilise land features and climate characteristics together with the soil properties to identify soil capability and SLM practices [5, 6, [8] [9] [10] [11] . In practice, there is perhaps little to be gained by separating land capability and soil capability, and the potential to cause a substantial amount of confusion in policy development and extension of messages for the implementation of SLM practices.
Facets in Assessing Soil Capability
Based on the description of the elements of land potential given by Herrick et al. [37, 38] , the facets of soil capability can be described as below (see Figure 1 Soil Capability Facet III. The capacity to recover following degradation [37] . The assessment of this facet of soil capability is influenced by the capacity of the soil to recover from degradation using largely natural soil processes. It may be possible to divide facet III into IIIa: the activity of the drivers of the soil restoration processes (plant growth, wetting and drying cycles, lime addition, soil fauna activity, salt removal, etc.) and IIIb: response of the soil to that activity (shrink-swell activity of the soil, cation exchange capacity, buffering capacity, salt store and drainage conditions, etc.).
The capacity of the soil to recover was based on published information on climate, landform, soils and land management practices. The specific information used depended on the land degradation processes, soil type and the soil landscape system.
Facets II and III of soil capability are kept separate because the processes and soil properties and processes involved for each are often quite different. This is consistent with Herrick et al [37] who state: [37] (p. 6A).
"While some definitions of resilience integrate both degradation resistance and capacity to recover, we distinguish them because different soil, vegetation, and landscape properties and processes affect resistance and resilience to different disturbance types in different ways"
It is also consistent with the approach used by Kay [39] to describe the dynamics of soil structure. In keeping with existing terminologies, the combination of facets II and III can be defined as the resilience of the system of the soil unit.
The validity of the approach proposed here is tested by applying it to two contrasting soil landscape systems from south eastern Australia. For each soil landscape system, the main global challenge that management of the soils addresses is presented. This is followed by an assessment of the capability of the soils based on the stability and resilience of the soil landscape systems.
Examples of Applying the Facets of Soil Capability
Steps in Applying the Soil Security Concept to Two Contrasting Soil Landscapes
The two soil landscape systems to which the soil security concept is applied are:
(i) The Cowra Trough Red Soils, that includes a tract of land dominated by Red Chromosol soils Soil Capability Facet I. The capacity of the soil to provide ecosystem services to meet the global challenges outlined for Soil Security. The provisioning of food, water and fibre is a critical one of these-these services need to be evaluated and monitored for each specified land use [5, 6, 9, 15, 35] . The major land uses within the two soil landscape systems were identified and this provided an assessment of the ecosystem services provided by the soils. Using available information on crop yields, extent of pastures and value of production, it was possible to estimate the relative support given to each of the global challenges listed in Table 1 .
Soil Capability Facet II. The stability of the soil condition to land degradation processes resulting from the effects of land management practices and the environmental stresses on the soil. It is the susceptibility to soil and land degradation [5, 6, 20, 35] . There are two components: IIa: Potential rate or pressure of the land degradation process based on the land features such as climate and landform and the properties that control the rate or degree of the land degradation process. This rate or pressure can be attenuated by implementation of SLM practices. IIb: The robustness is the ability to maintain desired soil condition or soil function despite the occurrence of a degree of soil or land degradation (see Reference [36] ). The robustness is influenced by the proximity or scope for change between the current soil condition and threshold values beyond which the soil cannot recover or recovery is difficult and requires a large input of capital and investment.
Using the methodology developed by the Office of Environment and Heritage (OEH) [5], the potential pressure or forcing of land degradation pressures and the robustness of the soil landscape systems were estimated using published information on the climate, landform, soil and potential land management practices associated with each soil landscape system.
Soil Capability Facet III. The capacity to recover following degradation [37] . The assessment of this facet of soil capability is influenced by the capacity of the soil to recover from degradation using largely natural soil processes. It may be possible to divide facet III into IIIa: the activity of the drivers of the soil restoration processes (plant growth, wetting and drying cycles, lime addition, soil fauna activity, salt removal, etc.) and IIIb: response of the soil to that activity (shrink-swell activity of the soil, cation exchange capacity, buffering capacity, salt store and drainage conditions, etc.).
Facets II and III of soil capability are kept separate because the processes and soil properties and processes involved for each are often quite different. This is consistent with Herrick et al [37] who state:
"While some definitions of resilience integrate both degradation resistance and capacity to recover, we distinguish them because different soil, vegetation, and landscape properties and processes affect resistance and resilience to different disturbance types in different ways" [37] (p. 6A).
It is also consistent with the approach used by Kay [39] to describe the dynamics of soil structure.
In keeping with existing terminologies, the combination of facets II and III can be defined as the resilience of the system of the soil unit.
Examples of Applying the Facets of Soil Capability
Steps in Applying the Soil Security Concept to Two Contrasting Soil Landscapes
(i) The Cowra Trough Red Soils, that includes a tract of land dominated by Red Chromosol soils [40, 41] or Red Luvisols [33] . (ii) The Kosciusko National Park, that includes a tract of land with large areas dominated by more alpine soils including Chernic Tenosols (alpine humus soils) and Organosols [42] [43] [44] or Umbrisols and Histosols [33] .
Steps in the application of the soil security concept:
(i) The physical features including climate, landform and soil type were briefly described for each of these sets of soil mapping units. (ii) The contribution of the soils in the tract of land to the global challenges outlined in Table 1 was established. (iii) The stability of the soil condition to land degradation processes was established. (iv) The capacity of the soil condition to recover once it has been degraded was assessed.
By applying these steps, it was possible to identify which major global challenges were supported by the two contrasting soil landscape systems and the land and soil degradation risks associated with each.
The Cowra Trough Red Soils in Central West New South Wales
Description
The Cowra Trough Red Soils represent a belt of Red Chromosols on undulating to rolling rises and low hills that are commonly used for cropping and grazing (Table 3, Figure 2 ). It is composed of the Manildra, Canowindra, Curumbenya, Cowra and Arthurville Soil Landscapes [40, 41, 44] . It represents an area of approximately 300,000 ha [45] . As a group, these soil landscapes have been identified as a soil monitoring unit [46] but also identified as a stratification unit for the National Soil Carbon Research Program [47] [48] [49] and for a trial soil carbon trading scheme [45, 49] . The parent materials of the soil are intermediate metasediments and volcanics of the early Silurian to the early Devonian age within the Cowra Trough Geological Formation of the Lachlan Foldbelt [40, 41, 50] . The parent materials have resulted in the formation of moderately fertile soils with good agricultural potential. The surface soils are characterised as lighter textured (sandy loam to loam) soils with fragile structure [51] , with reddish brown, non-sodic clayey subsoils. According to the land and soil capability scheme of the Office of Environment and Heritage [5], these are class 3 lands which means the land is capable of a wide variety of land uses (cropping, grazing, horticulture, forestry, nature conservation) but has moderate limitations. Careful management of limitations is required for cropping and intensive grazing to avoid land and environmental degradation. Some of the specific land degradation pressures identified include water erosion, soil acidification, secondary salinization in some parts of the landscape, nutrient decline and loss of soil organic carbon. The three facets of soil and land capability are assessed for the Cowra Trough Red Soils (Tables 4 and 5) .
(i) Soil Capability Facet I: Capacity to meet global challenges and provide ecosystem services The Cowra Trough Red Soils are an important cropping and grazing area for Central West New South Wales and so have a role to support the global challenge of food security (Table 4 ). They are relatively fertile soils usually more than 100 cm deep and with an average annual rainfall of 600 to 750 mm, which is evenly distributed throughout the year. The land capability is class 2 to 4, mostly class 3 based on OEH [5] . Yields for crops include wheat, which is premium Australian white and some hard wheat, of 2.9 t/ha [52] , or can range from 1.5 to 5.5 t/ha with an average of about 3.9 t/ha [53] . Cropping trials [54] suggest an average yield of wheat of 3.75 t/ha and an average of 2.75 to 4.75 t/ha for wheat. Average yields for canola are 1.83 t/ha but can range from 0.47 to 2.98 t/ha [54] . Overall, the area produces at least $83 million of crops (based on 2006 values), which is 1.0% of New South Wales production [55] .
The area includes at least 400,000 ha of pastures including 37,000 ha of clovers (white and subclover), 40,000 ha of lucerne, 64,000 ha of improved grass pastures (phalaris, cocksfoot and fescue species) and 100,000 ha of fertilised native pastures [56] . Based on 2006 values, these pastures are used to produce at least $59 million of beef annually, which is 1.7% of the NSW production, $31 million of sheep meat, 3% of NSW production and $45 million of wool, 3% of NSW production [55, [57] [58] [59] [60] . The Cowra Trough Red Chromosols clearly make an important contribution to food security.
The Cowra Trough Red Soils can also have a role in Climate Change Abatement through the potential for carbon sequestration. The soils have been under agricultural production for many years, ranging from 50 to 100 years, so there is the potential to increase the amounts of soil organic carbon in the soils through changes in land management. This was recognised in the implementation of a pilot carbon trading scheme in which a number of land holders were offered contracts to sequester carbon into the soils on targeted fields by changing land management practices [45, 49] . Eleven contracted farms were chosen, and these were those that submitted the most cost-effective bids, with an average price of $A37 per t CO 2 -e, mainly due to high predicted sequestration rates driven by low initial SOC levels [45, 49, 61] . At each site, a minimum of 10 stations were sampled, with eight intact soil cores collected per station and divide into three depths (0-10, 10-20 and 20-30 cm), then, each depth was pooled for each station and analysed for total carbon (LECO) and bulk density calculated. SOC stocks (0-30 cm) were assessed before (2012) and after the pilot (2017), with 60% of sites showing a significant increase in SOC at p < 0.1 and 40% at p < 0.05. The measured increases in SOC ranged from 0.3 to 1.1 t/ha/year. The pilot study showed that it was possible to sequester carbon in these soils by changing land management. Conversion of soils under cropping land use to native vegetation are likely to have a greater potential to sequester carbon into the soil.
The Cowra Trough Red Soils could make a small contribution to Climate Change Abatement.
(ii) Soil Capability Facet IIa and b. Stability to degradation processes The stability of the soils within the Cowra Trough Red Chromosols is dominated by the capacity of the soils to resist soil and environmental degradation by the processes on water erosion, soil acidification, and secondary salinization ( Table 5 ). The stability to the degradation processes was assessed using the soil and land capability assessment based on the methodology of the OEH [5].
Stability to Water Erosion
The susceptibility of the soils to water erosion is indicated by the degree and length of slopes of the lands within the unit. Having most slopes in the range of 3% to 10%, and where slopes are less than 3%, the slopes are very long (>1000 m), as in the Arthurville soil landscape. Based on Table 3 , in the land and soil capability assessment of OEH [5], this gives a Class 3 capability, which means there is a moderate water erosion hazard that requires specific land management options to prevent unacceptable degradation from water erosion. Conservation cropping with no till, minimum tillage and stubble retention are usually recommended.
A number of recorded erosion events and erosion studies confirm that water erosion can be a serious land degradation risk under cropping land use. A study using Cs137 on a 6% slope on the Arthurville soil landscape near Wellington recorded a long-term soil loss of 6.2 t/ha on a cropped midslope with a 6% slope [62] . This is similar to the long-term soil loss measured using runoff and soil loss plots at Cowra [63] . At Cowra on the Cowra soil landscape, a period of 200 mm of low-intensity rainfall in 1990 resulted in a soil loss of 78 t/ha from a 7% slope of 80 m length [64] . The management history of the paddock is continuous wheat since 1980 with frequent stubble burning, usually in February, and one to five cultivations prior to sowing. Many of the cultivations were done with a disc plough while other tillage operations were done with tyned implements or harrows. In 1990, the paddock was cultivated with offset discs in January to incorporate stubble, and then with a tyned implement and harrows in February. A final cultivation with a tyned implement and harrows was carried out on 8 May, just prior to the period of rainfall. The long-term average annual loss predicted using the Unified Soil Loss Equation was 9.2 t/ha/year [64] . A major storm event in February 1992 (estimated to be a 1 in 500-year storm event), caused a major soil loss on a site on the Cowra soil landscape [65] . Soil losses measured were different for the two tillage treatments on the paddock observed. On the loosely tilled traditional tillage treatment, the recorded soil loss was 342 t/ha which was estimated to be equivalent to 26 mm of soil loss. On the direct drill treatment which was not tilled and still retained a cover of 80% lupin stubble, the soil loss was measured as 65 t/ha with an estimated soil depth loss of 5 mm. Altering catchment hydrology to reverse saline outbreaks slow [77, 78] Nutrient decline can be rapidly recovered by fertilising programs and introduction of legumes into rotations.
The evidence is clear that there is a risk of soil degradation by soil erosion by water unless land management practices are implemented to minimise the risk. The land management practices including pasture rotations and conservation cropping practices are available to minimise the risk of land degradation by water erosion.
Stability to Soil Acidification
The surface soils of the Cowra Trough Red Soils are not naturally acidic and have natural pH levels in the vicinity of 6.0 to 7.0 in water [40, 41] . However, under relatively intense agriculture and especially under pasture improvement and a high concentration of clovers with a high level of nitrogen fixation combined with the trend for agriculture to remove produce from the land, the degradation pressures of acidification are substantial within these soils. The general acidification pressures are estimated at 250 to 300 kg lime/ha/year for annual pastures and crop/pasture rotations with a legume component [75] . Given the clay contents (estimated at 15% to 20%, perhaps less for the surface soils of the Cowra soil landscape on the granodiorite), and the soil organic carbon levels, the soils only have a moderate buffering capacity to acidification [5, 75, 76, 82] . In the land and soil capability assessment [5], the Red Chromosols would be non-calcic brown soils and red-brown earths and so would have low to moderate buffering capacity against acidification. A map of acidity-affected surface soils [76] clearly shows the area of acid soils includes a large part of the Cowra Trough Red Soils. The map indicates that the acidity degradation is more severe in the southern half of the area in the vicinity of Canowindra and Cowra and this is confirmed by a Monitoring program [46] . In the southern half of the area the measured pH in 1:5 CaCl 2 for the 0-5 cm, 5-10 cm, 10-20 cm and 20-30 cm depths were: 4.61 ± 0.32, 4.37 ± 0.28, 4.63 ± 0.36 and 5.10 ± 0.32. The corresponding values for the northern areas were 5.65 ± 0.42, 5.45 ± 0.45, 5.92 ± 0.39 and 6.27 ± 0.39. The operation of liming is frequently observed on the fields in the vicinity of Cowra and Canowindra in the southern areas.
Acidification is a definite land degradation hazard associated with agricultural production in the Cowra Trough Red Soils.
Stability to Soil Salinity
Soil salinity can have a number of degradation effects: land salinity on-site, effects on water quality of water resources and effects on salt loads to river systems. Given the nature of the soils, geology and groundwater, the Cowra Trough Red Soils do not have a major salinity problem [40, 41, 77, 78] . Mandagery Creek does have a significant salt load, but measurements suggest the major source of the salt contributing to the salt load comes from the tributaries to the north of the Cowra Trough Red Soils that are associated with soil landscapes on the Dulladerry Rhyolite and perhaps some of the granites to the north [77] . The Arthurville does have a number of salt outbreak areas but spatially, these are only small in area. In a hydrogeological study of the area, Tuteja et al. [77] concluded that any salt outbreaks would be spatially small and confined to drainage depressions.
(iii) Soil Capability Facet IIIa and b. Capacity of the Soils to Recover from Degradation The capacity of the soil to recover from degradation is dependent on at least some of the following features of the land and soils: the potential for plant growth, the depth of soils, especially the surface soils, the landform and potential to concentrate flows and seepage or through flow, and the degree of self-mulching in the surface soils. The potential for plant growth or net primary productivity is substantial for the soils of the Cowra Trough Red Soils. The average yields being about 3 t/ha, with some years up to 5 t/ha, suggest that the potential biomass production is about 6 t/ha to 14 t/ha assuming a harvest index of 0.35 for modern wheat [83] , giving a carbon input of approximately 3.5 to 8 tC/ha/year. This approximately agrees with estimated net primary productivity values of 0.8 to 1.6 gC/m 2 /day [81] or 3 to 6 tC/ha/year. The soils are relatively deep (1.0 m or more) and surface soils are often 20 cm or more. There is some capacity to sustain erosion damage and recover from erosion, but exposure of the more clayey subsoils could be a limiting factor after continuous unmanaged high rates of erosion. Rates of soil formation from bedrock are likely to be very slow (<1 t/ha/year) [79] and much less than the rates of unmanaged water erosion. Rosewell [80] suggest soil formation rates may be 0.4 t/ha/year for drier areas and possibly up to 1 t/ha/year in wetter areas.
Recovery from soil acidification is more difficult and the use of lime appears a major necessity into the future. Minimising nitrate leaching using deeper rooted perennials to reduce the rate of acidification is recommended [75, 76] . One of the strong recommendations is the prevention of soil acidification moving too deep into the soil profile and the maintenance of a soil testing programme, soil management regime and liming programme to ensure that any acidification is confined to the surface layers where it can be economically and effectively countered by liming. Once acidification extends into deeper soil layers, recovery from acidification becomes more expensive and difficult to manage [75, 76] .
Recovery from salinity is required for a few saline outbreaks that do occur in some of the drainage lines in the Cowra Trough Red Soils. Revegetation on the saline site using salt-tolerant species plus revegetation in the catchments suppling groundwater to the saline sites is seen as the means to recover these sites [78] . Recovery from salinization is a slow process of changing the hydrology of hillslopes and catchments and can take a long time [78] .
Snowy Mountains Alpine Soils
Description
The Kosciuszko National Park within the Snowy Mountains of south eastern Australia is an important economic and environmental resource. It is located at 36 • 04 S and 148 • 21 E and covers an area of 6900 km 2 and extends from west of Canberra to the Victorian New South Wales border, a distance of 150 km [42, 84] , (Figure 3 ). The area is mostly alpine and subalpine including large areas above 1000 m in elevation and has significant snowfalls in winter, with snow depths to a metre or more in winter especially in the higher elevations to the south in the vicinity of the main range that includes Mount Kosciuszko which has an elevation of 2228 m. The higher elevations of the main range show signs of glaciation which occurred in the Pleistocene, 20,000 years ago in the last ice age. There are short segments of U-shaped valleys, tarn lakes, moraines and cirques [42, 84] . The area includes 2600 km 2 of "high mountain country" (>1500 to 1680 m elevation) which receives heavy winter snowfalls and has unique vegetation and soils [42, 84] . Much of the Snowy Mountains has plateau-like surfaces, but these have been strongly eroded to form areas of steeply incised valleys and rugged terrain as the plateau falls to the lower elevations of the slopes and plains below [42, 84] .
The geology of the area is variable and includes a range of lithologies. The main range in the south in the vicinity of Perisher and Mount Kosciuszko is dominated by Silurian/Devonian granite and granodiorite. In the north in the vicinity of Yarrangobilly and towards Tumut, the lithology is dominated by Silurian acid volcanics and smaller areas of limestones (such as at Yarrangobilly Caves) and basic to intermediate volcanics, with areas of Ordovician marine sediments. There are small outcrops of Cainozoic basalt, but these are not extensive [42, 50, 84, 85] . Importantly, the lithology of the parent rocks tends to be largely felsic to intermediate so that variations in soil formation are dominated by the variation in the climate [42, 74, 86] .
The average rainfall varies from 760 to 2000 mm in the subalpine areas and 1800 to 3000 mm in the alpine areas [42] . Much of this precipitation falls as snow in the winter months as the average temperature for the winter in the alpine areas is less than −3.9 • C. In summer, the average temperature is 10 to 15 • C [42, 43] . In the subalpine areas, snow settles for at least one month in winter and the average temperature is -1.0 to −4.0 • C [42, 43] . Other important soils that occur throughout the Kosciuszko National Park (KNP) are the Organosols (peats, mires, bogs and fens) [73, 84, 87, 88] (Table 6 ). The Carex fens are more common at lower altitudes between 1000 to 1600 m, while the peats and bogs are most common above 1600 m. The two major types are the peats, which are Organosols and Carex fens which are more akin to the Peaty Tenosols (alpine humus soils). Together, these strongly organic soils that occur in areas that are seasonally or permanently wet, cover about 6000 ha within Kosciuszko National Park. It may be only about 1% of the land area of the park, but includes many of the important drainage depressions, lower slopes and flow lines of the Park. These soils have the important hydrological function of storing and controlling water flow in the catchments within the KNP to control water security. The Organosols include fibric, hermic and sapric types of organic layers and acid peats are common [42, 73, 84, 87, 88] . The fibric types are more common in the Carex fens in lower altitudes, while the hermic and sapric peats are more common in the peats and bogs at high altitudes. However, both peat types are often present in the same soil profile [73] .
The other important soil type that occurs across all altitudes is the Lithic and Paralithic, Leptic Rudosols (lithosols), that are common on hillcrests and steep slopes [42, 86] .
The high mountain flora and fauna of Australia differ greatly from those of the rest of the continent as they have to have physiological resistance to fluctuating high and freezing temperatures, intense insolation, fierce winds, periodic moisture stress, and burial by snow. Their soils and vegetation provide a series of unique biodiversity in its ecological communities that are becoming recognised as of vital importance to the nation and its inhabitants. Included are the alpine Sphagnum Bogs and associated Fens [42, 43, 73, 87] and the subalpine woodlands of Eucalyptus pauciflora and The main soils are determined largely by elevation and climate ( Table 6 ). In the lower elevations (less than 1200 m), there are a range of soils including Brown Kandosols (brown soils of light texture), Grey and Brown Chromosols tending to Kurosols in some locations in the north towards Yarrangobilly (grey-brown podzolic soils) [42, 74, 86] . Between 1200 to 1500 m, the soils become transitional between the Dermosols and Chromosols and the Peaty Tenosols (alpine humus soils) as the colder climate results in accumulations of soil organic matter in the soil. Above 1500 m, the Peaty Tenosols (alpine humus soils) become the dominant soil type [42, 43, 74, 86] . Other important soils that occur throughout the Kosciuszko National Park (KNP) are the Organosols (peats, mires, bogs and fens) [73, 84, 87, 88] (Table 6 ). The Carex fens are more common at lower altitudes between 1000 to 1600 m, while the peats and bogs are most common above 1600 m. The two major types are the peats, which are Organosols and Carex fens which are more akin to the Peaty Tenosols (alpine humus soils). Together, these strongly organic soils that occur in areas that are seasonally or permanently wet, cover about 6000 ha within Kosciuszko National Park. It may be only about 1% of the land area of the park, but includes many of the important drainage depressions, lower slopes and flow lines of the Park. These soils have the important hydrological function of storing and controlling water flow in the catchments within the KNP to control water security. The Organosols include fibric, hermic and sapric types of organic layers and acid peats are common [42, 73, 84, 87, 88] . The fibric types are more common in the Carex fens in lower altitudes, while the hermic and sapric peats are more common in the peats and bogs at high altitudes. However, both peat types are often present in the same soil profile [73] .
The high mountain flora and fauna of Australia differ greatly from those of the rest of the continent as they have to have physiological resistance to fluctuating high and freezing temperatures, intense insolation, fierce winds, periodic moisture stress, and burial by snow. Their soils and vegetation provide a series of unique biodiversity in its ecological communities that are becoming recognised as of vital importance to the nation and its inhabitants. Included are the alpine Sphagnum Bogs and associated Fens [42, 43, 73, 87] and the subalpine woodlands of Eucalyptus pauciflora and Eucalyptus niphophila (snow gums) [42, 43] . These not only provide habitat for unique fauna but are important in influencing hydrological processes throughout the catchments in the alpine areas.
The ecological significance of alpine areas is mirrored in their hydrological significance as a reliable source of large volumes of high-quality water for both irrigate agriculture and power generation. The land degradation facets of soil capability are assessed for the soils of the Kosciuszko National Park in the Snowy Mountains of NSW (Table 7 ). [ [96] [97] [98] (i) Soil Capability Facet I. Capacity to Meet Global Challenges and Provide Ecosystem Services The soils of the Kosciuszko National Park make an important contribution to the water supply for irrigation that is out of all proportion to its value for mountain grazing. These mountains are the major source of irrigation water in southern Australia, for which there are no other alternatives ( Table 4 ). The Kosciuszko soil landscape system supports the global challenge of water security. As well, the Kosciuszko soil landscape system supports energy security through the production of hydroelectricity and human health and biodiversity preservation by its use as a recreation area and conservation area. The soil landscape system is of great importance to the national economy on account of the large and reliable rivers of NSW which have their headwaters there, including the Upper Murrumbidgee, Upper Murray and Snowy-Eucumbene systems and the Goodradigbee in NSW, and the Cotter River in the Australian Capital Territory [42, 43, 84] .
The importance of the Snowy Mountains to supply water and water security for the western flowing rivers of the Murrumbidgee and the Murray was greatly enhanced with the completion of the Snowy Mountains Scheme in 1974. The Scheme diverts water from the eastern flowing rivers (the Snowy River) especially to the western flowing rivers and includes 80 km of aqueduct pipelines, 13 major tunnels measuring over 145 km, seven power stations (two deep underground), eight switching stations and control centres, and 16 large dams. The scheme also provides over 2300 GL of water annually for irrigation for large parts of inland New South Wales and Victoria to the west of the Great Dividing Range [66, 67, 69, 70] . This has the capacity to irrigate 1 million ha on the plains of the Murray and Murrumbidgee Rivers and produce $3 billion of agricultural produce [66] [67] [68] [69] [70] .
While the diversion of water for irrigation is a key purpose of the scheme, electricity generation is a core by-product. By directing the water through a series of power stations as it plunges 800 m down the western escarpment, the Scheme can generate large amounts of peak-load renewable electricity to meet fluctuating demands across eastern Australia. The scheme has a generating capacity of approximately 4100 MW and provides nearly a third of all renewable energy fed into the eastern mainland grid, powering major cities like Sydney, Melbourne and Canberra [66, 67] . It has the capacity to produce 4500 GWh of electricity every year, which in 2018, had an estimated market value of $1.4 to 1.8 billion assuming a cost of $0.30 to $0.40 per kWh [67, 71] . In 2018, it provided 15% of Victoria's power needs and 18% of the power needs of NSW [71] . A proposal is under consideration (Snowy 2.0) to expand the renewable energy generation from the Snowy Scheme into the future [67] . The flexibility of the generating capacity is constrained by the need to maintain flows in the western flowing rivers for irrigation demands as well as the potential for seasonal fluctuations in rainfall/precipitation and storage capacity [99] . The value of the Snowy Mountains for water security is demonstrated by the statement from Morland [100] : "The high country of the snow belt is our most valuable and productive water resource, an area unique for its high precipitation including heavy winter snowfalls, high water retention capacity and very-high water yields". [100] (p. 220)
The relative values of the Snowy Mountain soils for water and energy security is confirmed by the estimated returns for the alternative land uses. Good [101] identified that studies had shown that the economic value of the catchments for water yield far outweighed their value for grazing. This was not surprising given the low temperatures and short growing season of the pastures in the alpine areas. The net primary productivity of the landscape being about 1400 kg/ha/year [81] . The value of water for irrigation, hydroelectricity, tourism, carbon storage and biodiversity conservation can be estimated to be substantially more than any returns from grazing [102, 103] Table 4 . The value of water was estimated at around 120 times that of grazing, AUD $700 per hectare for hydroelectricity compared. to AUD $6 per hectare for grazing [101] . The costs of pasture establishment and management of pasture would, however, be very high compared to the returns, estimated at 0.20 to 0.80 of the costs [43] . The estimated returns to the economy if the alpine area was used for grazing is estimated at 0.1% of the value of production in sheep and cattle for New south Wales and Victoria [43] . The potential for land use on the soils in the alpine or high mountain areas to contribute to food security are limited. Their value is much greater to contribute to water and energy security, tourism and biodiversity conservation.
The importance of the Organosols (peats, mires, bogs and fens) in the wet areas of the Kosciuszko National Park to catchment hydrology of the Australian Alps has long been recognised and studies continue to investigate the importance of peat in influencing hydrological processes [42, 43, [101] [102] [103] . The bogs and fens slow the flow of water, holding it in the landscape and minimising high peak flows. Sphagnum vegetation and the underlying peat Organosols have significant water-holding capacity, which can modulate water flow and maintain the hydrology of surrounding environments [73, 87, 92, 102] . The manner in which bog and fen communities gradually release water from the spring snow melt is critical to the survival of numerous other ecological communities [101] . These Organosol areas can also be a natural filter for nutrients, pathogens and sediments maintaining water quality throughout catchments [84, 87] .
The Snowy Mountains soils is to contribute to biodiversity and human health. The high mountain flora and fauna of Australia differ greatly from those of the rest of the continent and the unique alpine Sphagnum Bogs and associated Fens [42, 43, 73, 84, 87] , and the subalpine woodlands of Eucalyptus pauciflora and Eucalyptus niphophila (snow gums) [42, 43] have limited occurrences anywhere else. The ecological communities of the high mountains of Australia are known to provide significant habitat for a number of endemic and threatened flora and fauna species. The persistence of this ecological community is likely to be critical to the survival of a number of these species [87] .
The Snowy Mountains provide areas for unique recreation and tourism especially for activities such as skiing, bushwalking and sightseeing. In 2015, there were 1.247 million visitors to the Snowy Mountains, requiring 2.826 million nights of accommodation and spending $481 million [72] . The recreation component can be considered a valuable contribution to the global challenge of human health and well-being.
While there are substantial stores of soil carbon, the potential capacity for the Snowy Mountains soils to have a role in Climate Change Abatement is probably limited to maintain soil carbon levels at the current levels and preventing damage to the important areas of Organosols in wet areas (peats, mires, bogs and fens) [73] , which could result in substantial losses of soil organic carbon. The average carbon store in Sphagnum bogs in the subalpine and alpine areas is 200 t C/ha. For montane and subalpine Carex fen, it is about 750 t C/ha. Individual swamps or mires may preserve much higher carbon stores and one swamp with 4 m of peat is estimated to contain 2600 t C/ha. Some peatlands approach the 2844 t C/ha store held in Eucalyptus regnans forests, which is thought to be the most carbon-dense ecosystem in the world [95] .
(ii) Soil Capability Facet IIa and b. Stability to Degradation Processes The stability of the soils within the Kosciuszko National Park is dominated by the low capacity of the soils to resist soil and environmental degradation by the processes of water erosion and to a lesser extent, wind erosion ( Table 7) . Soil acidification affects some areas in the north of the Park. Nutrient decline is a problem that is associated with erosion and loss of plant and soil materials ( Table 7) . The stability to the degradation processes was assessed using the soil and land capability assessment based on the methodology of the OEH [5].
Stability to Water Erosion
Water and wind erosion are major soil and land degradation pressures on the soils of the Kosciuszko National Park. They are also a threat to safeguarding the water sources for irrigation and domestic use in the western flowing rivers of the interior as well the energy production of the hydroelectricity infrastructure of the Snowy Mountains Scheme [42, 43, 84, 94, 99, 100, 103, 104] . The water erosion hazard for the Snowy Mountains is very high based on Australian standards, with the rainfall erosivity being 1500 to 2000 MJ.mm/(ha.h.a) [80, 89, 90] . The length and degree of slope factor (LS Factor) is also frequently high for this soil landscape system, commonly being >3.0 [91] . While in their natural state, the soils are very stable due to the very high infiltration capacity and very low rates of surface runoff. This changes with loss of the protective organic rich upper soil layer. The exposed mineral soil is prone to erosion by rain splash and runoff, to frost heave and to wind erosion. Johnston [93] measured water erosion rates of zero for undisturbed sites with complete groundcover, increasing to between 4 and 18 t/ha, dependent on the degree of groundcover loss. Grazing and disturbance can rapidly reduce ground cover levels.
Historically, the alpine, subalpine and montane ecosystems of the KNP have been regularly grazed and burnt. Grazing commenced about 1839 and expanded to a regular basis with the establishment of Snow Leases in 1889 for drought relief and summer grazing [100] . Burning of the snow gum woodlands and snowgrass grasslands was carried out on a regular basis in early summer to remove dry biomass and provide green shoots for stock. Together with the impact of selective grazing of more palatable herbs and forbs, large areas of bare ground or reduced cover were created, exposing the soils to water and wind erosion [42, 43, 94, 100, 103, 104] . Burning, grazing and accelerated runoff flows also resulted in the draining and drying out of many mires, bogs and peat swamps [43, 73, 84, 103] . The damage to the mires, bogs and peat swamps has the potential to alter the hydrology of the catchments as swamps and bogs are replaced by channelized flow.
Codification dimension of soil security has had an impact on land management in the KNP. The winding back of the impacts of grazing and burning land management practices in the alpine areas commenced in 1943 when burning on the Snow Leases was prohibited and stocking rates were limited to one sheep per acre. In 1944, the KNP was formed and by 1958, all land above 4500 ft (1370 m) was withdrawn from Snow Leases and grazing was prohibited [94, 103, 105] . More recently, there has been a push to allow the expansion of grazing by wild horses or brumbies, which have the potential to redo some of the damage of the past [104] .
The action of frost can exacerbate the susceptibility of the soils to wind erosion if ground cover is removed. The area is subjected to high wind velocities [42, 43, 103] . The frost action results in thin ice needles effectively mulching the soil into fine aggregates that are readily detached by the action of wind and water. The main protection of these fine aggregates from movement by the action of wind or water movement is vegetation cover.
The relative rates of erosion are estimated by Costin et al. [102] . In the alpine and subalpine areas, the sod tussock grasslands have the following relative erosion rates: continuous sward −0, short grazed, continuous sward −1, damaged sward, bare spaces between tussocks −110. In the subalpine woodlands the relative erosion rates are: dense cover of snowgrass sward −0, bare ground ×1300. The estimated relative runoff rates are: the alpine and subalpine areas the sod tussock grasslands: continuous sward −3, short grazed, continuous sward −22, damaged sward, bare spaces between tussocks −42. In the subalpine woodlands, corresponding values are: dense cover of snowgrass sward −2, bare ground 56. The importance of ground cover in controlling erosion and runoff is evident from these values.
Costin et al. [102] measured relative erosion rates of nil for a climax community of snow grass with herbaceous component to 22.8 t/ha for a snow grass cover with bare areas. Costin et al [102] estimated that 60% cover was required to minimise the impacts of erosion.
(iii) Soil Capability Facet IIIa and b. Capacity of the Soils to Recover from Degradation The recovery of the soil from water and wind erosion is very dependent on the rate of plant growth. The rate of plant growth in the alpine areas is quite low and the net primary productivity for the alpine areas is estimated at 1.4 t/ha/year [81] . Rainfall is plentiful but the temperatures are very low for much of the year, limiting plant growth [42, [106] [107] [108] . This means any recovery from erosion damage is likely to be very slow. Short growing seasons and low nutrient supply mean that subalpine and especially alpine vegetation is very slow to recover once damaged. Bryant [106, 108] showed that the rate of recovery of the vegetation cover and the recovery of the soil from erosion is very dependent on the amount of cover remaining after grazing is removed. If the ground cover remaining is in the range of 0% to 20% after grazing, it is estimated that it would take 60-80 years from the vegetation cover and soil to recover to pre-grazing levels. Results indicated that in some bare ground plots, there was no recovery of any vegetation cover 11 years after grazing was removed. On the basis of results presented, Bryant [106, 108] concluded that summer grazing and periodic burning were not sustainable practices in the grasslands and woodlands of the Snowy Mountains between 1220 and 1800 m where the primary objective is the provision of water and energy security.
The recovery of mires, bogs and peats is a very slow process of accumulation of undecomposed biomass and peat. It may even require a restoration of the hydrology to pre-grazing conditions [73, 88, 107] . Given that the average carbon store in the mires, peats and bogs is 200 to 750 t/ha and that the estimated rates of accumulation of carbon in the mires, peats and bogs are 0.09 to 0.21 t/ha/year, it is clear it will take some time for many of the damaged or destroyed areas of mires to recover by natural processes [73, 88] .
Over the past 150 years, most mountain peatlands in the Snowy Mountains region have been significantly affected by cattle grazing and fire [42, 73, 84, 88, [108] [109] [110] . For example, trampling has caused destruction and there has been increased drainage accompanied by seasonal burning. Many fibric peats have been converted to mineralised humic peats [111, 112] and many other peatland areas have been converted to tussock grassland. Some recovery of peatland vegetation has occurred within protected areas since cattle were removed after 1940 [101, 109] .
Because natural recovery is slow and for hydrological reasons there is a need for rapid recovery, it has been seen as necessary to introduce investment and artificial land management practices to enhance recovery rates. Good [107] presents a range of practices designed to accelerate recovery of eroded and degraded sites including the mires, bogs and swamps. It includes the use of mulches, fertiliser planting of native seeds. Some of earlier restoration work by the Soil Conservation Service [97] [98] [99] needs to be redone after several years using methodologies based on species and nutrient regimes more compatible with the local ecology [88, [107] [108] [109] [110] .
The restoration of the soils and the mires, bogs and peats has a small capacity to sequester carbon, especially as some of the peats in the natural, undegraded condition approach the 2844 C t/ha store held in Eucalyptus regnans forests [73] , claimed to be the most carbon-dense ecosystem in the world [96] . Based on the accumulation of peat, the sequestration rate of carbon for the whole peatland estate of the Snowy Mountains has an annual mean carbon sequestration rate of only 5000 ± 2400 t/year [89] . The depth of peat is estimated to accumulate at rates of 0.1 to 0.9 mm/year [89] . The peat growth figures show that deep peats take thousands of years to accumulate and cannot be replaced within human life-times once lost or mineralised [73] .
Conclusions
Soil capability can be seen to be made up of several different facets that can assist in its assessment. The first facet is the capacity of the soil to undertake a range of functions to meet one or more of the global challenges of food security, water security, energy security, climate change abatement, the preservation of biodiversity and the maintenance and improvement of human health and welfare. The second is the stability of the soil condition to the pressures or forcings of soil and land degradation processes imposed the environment and land management practices. This stability can be assessed using the land capability assessments widely used over a number of years and more recently updated as a land and soil capability system [5]. The third is the capacity of the soil condition to recover after the land degradation pressures or forcings are removed. A resilient soil with high stability and a strong capacity to recover, has the capacity to sustain the land management practices necessary to meet the global challenges over an extended period of time without significant soil, land or environmental degradation. Significant degradation is degradation that would impact on the long-term capacity of the soil to sustain land management practices that meet the global challenges.
The advantages of this approach to soil capability are:
The two examples are useful to show how one set of soils has food security as its primary global challenge, the Cowra Trough Red soils, while the other soil landscape, the Snowy alpine soils, has water security and energy security as its primary global challenge. The main land degradation pressures impacting on the Cowra Trough Red soils are water erosion and soil acidification, with some impacts of salinization. However, the soils and landscape are relatively robust, and the land degradation pressures can be managed by the adoption of a range of well-established land management practices including conservation tillage, stubble retention and pasture rotations. The alpine soils of the Kosciusko National Park have low stability and resilience. To maintain their important functions outlined above, it is necessary to restrict the impact of land management practices, especially over grazing and the removal of groundcover. This has been largely achieved by codification and the establishment of a national conservation park. Land management is controlled to maintain groundcover and minimise the impact it has on the soils and landscape. 
